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Little is known about the synergistic impacts of urbanization and hurricanes on synanthropes. We compared 
morphological traits of the lizard Anolis cristatellus on Puerto Rico sampled before the 2017 category 5 Hurricane 
Maria and 4 and 11 months after the hurricane. We measured limb lengths, toepad size and the number of subdigital 
scales, termed lamellae, that facilitate adhesion. We hypothesized that the hurricane should have selected for longer 
limbs and larger toepads with more lamellae, which are traits that other research has suggested to increase clinging 
performance. Given prior work demonstrating that urban lizards of this species tend to share this phenotype, we also 
predicted increased phenotypic overlap between post-hurricane urban–forest pairs. Instead, we found that forest and 
urban populations alike had smaller body sizes, along with a small size-adjusted decrease in most traits, at 4 months 
after the hurricane event. Many traits returned to pre hurricane values by 11 months post-hurricane. Toe morphology 
differed in the response to the hurricane between urban and forest populations, with significantly decreased trait 
values in forest but not in urban populations. This difference could be attributable to the different biomechanical 
demands of adhesion to anthropogenic substrates compared with natural substrates during intense winds. Overall, 
more research will be required to understand the impacts of hurricanes on urban species and whether differential 
natural selection can result.
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INTRODUCTION

Hurricanes are powerful weather events that 
affect ecosystems by altering species composition, 
transforming habitats, changing species demographics 
and disrupting dispersal patterns (Lugo, 2008; 
Sergio et al., 2018). Studies of long-term responses 
to hurricanes are common in plants and show that 
species in hurricane-prone areas tend to possess traits 
enabling them to withstand powerful winds or to 
colonize the resulting forest gaps (Griffith et al., 2008; 
Zimmerman et al., 2014; Hogan et al., 2018). There are 
fewer examples in the literature of animal adaptations 
to hurricanes, with most studies focused instead on 
population dynamics and ecological consequences 
(see Spiller et al., 1998; Schoener et al., 2004; Gannon 

& Willig, 2009). However, recent research on lizards 
has suggested that selection might favour traits that 
minimize dislodgement by winds (Donihue et al., 
2018, 2020). Some simulations indicate that regimes 
of high disturbance intensity and frequency can result 
in increased genetic differentiation, especially when 
widespread site-level extinction disrupts patterns of 
gene flow (Davies et al., 2016).

These effects, however, are likely to vary across 
space and time, even with respect to a single 
hurricane, owing to variation in wind and rainfall 
across the path of a given hurricane. For example, the 
effects of a hurricane within a given forest are often 
heterogeneous, with some patches losing considerably 
more canopy and/or mature trees than others (Brokaw 
& Grear, 1991). Likewise, mortality and phenotypic 
adaptations to hurricanes can also vary with the 
historical frequency of hurricanes (Griffith et al., 2008; 
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Donihue et al., 2020). If this is true, the effects of a 
hurricane seem likely also to differ between different 
types of habitats, such as between forest and 
anthropogenic areas, including urbanization.

Urbanization is characterized by a high abundance 
of impervious surfaces, such as roads and pavements, 
artificial substrates and reduced vegetation (Forman, 
2014). These attributes undoubtedly modify how 
meteorological disturbances, such as hurricanes, interact 
with the structural features of the habitat. Additionally, 
the direct effect of hurricanes on organisms that reside 
in urban spaces will be mediated by properties of the 
urban habitat such as the availability of artificial 
refuges during storms. Storm-related mortality might 
be mitigated in urban populations owing to access to 
artificial sheltering sites (e.g. concrete buildings, metal 
structures) if they are more robust to the hurricane 
than shelters typifying forest sites. In forest habitats, 
tree mortality and canopy shearing influence post-
hurricane species dynamics greatly through changes in 
food abundance and the microclimate of the forest floor 
(Secrest et al., 1996; Angulo-Sandoval et al., 2004; Spiller 
& Schoener, 2007). Urban areas typically have reduced 
forest cover (Foley et al., 2005; Walton et al., 2008), which 
might, in turn, decrease the impact of hurricanes via 
forest disturbance. If so, the post-storm natural selection 
could be relatively weak in urban habitats compared 
with forest environments. Changes to the microclimate 
after a hurricane, driven primarily by the reduction 
in the tree canopy (Fernandez & Fetcher, 1991), might 
be less dramatic in urban environments owing to 
diminished urban canopy in compared with forests or 
to the alternative cover provided by artificial structures 
(Winchell et al., 2018a; Avilés-Rodríguez & Kolbe, 2019).

Nonetheless, it is difficult to predict how the 
considerable human alteration of the environment 
associated with urbanization might interact with 
strong tropical storms to affect synanthropic organisms 
that live and breed in urban habitats. It is possible 
that the intense disturbance wrought by hurricanes 
could compound the negative aspects of urbanization. 
Mortality could be higher in urban habitats if wind 
speeds are exacerbated as a result of downdraughts 
caused by buildings and impervious surfaces (Zhu, 
2008). Urban species with reduced effective population 
size might lack the genetic variation to adapt or 
persist in the face of an intense storm event (Lande, 
1998; Benson et al., 2016). In coyotes, for example, 
anthropogenic structures are effective barriers to 
gene flow, but the same features can also function as 
conduits for movement in other taxa (Zhang et al., 
2013; Miles et al., 2019; Adducci II et al., 2020; Maigret 
et al., 2020). As such, it is largely unknown whether 
urbanization will tend to exaggerate or mitigate 
the effect of catastrophic weather events on the 
synanthropic taxa of cities.

Our research will attempt to address this question 
by contrasting the phenotypic response to Hurricane 
Maria in the synanthropic lizard species, Anolis 
cristatellus, between three pairs of urban and forest 
sites. Given that the majority of ecological and 
evolutionary research on Anolis has taken place in 
a hurricane-prone region (the Caribbean; see Losos 
2009), a large body of literature has accumulated on 
the effects of tropical storms on Anolis population 
biology, ecology, evolution, behaviour and biogeography 
(Reagan, 1991; Schoener et al., 2001, 2004). Hurricanes 
can cause mortality directly, owing to the kinetic 
wind forces, and by indirect changes to the structural 
habitat (Rodríguez-Durán & Vázquez, 2001; Lugo, 
2008; Donihue et al., 2018). For example, after 
Hurricane Floyd many island populations of Anolis 
sagrei in the Bahamas experienced massive mortality 
(including total population extinction on the smallest 
islands; Schoener et al., 2001). Additionally, hurricane-
caused changes to the habitat structure can impact 
the availability of important resources, such as shelter 
and food. After Hurricane Hugo, for instance, Anolis 
stratulus, which typically perch on tree trunks and 
often use tree canopies, were found more frequently 
perching near or at the ground level of the forest 
(Reagan, 1991). After canopy regrowth, this species 
was rarely seen near or on the forest floor because 
it recolonized the perches that it had typically used 
before the hurricane (Reagan, 1991).

More recently, some researchers have also begun 
to investigate the ecological and evolutionary effects 
of urbanization on anoles (e.g. Marnocha et al., 2011; 
Winchell et al., 2016; Chejanovski et al., 2017; Avilés-
Rodríguez & Kolbe, 2019. In A. cristatellus, urban 
lizards tend to have more toepad lamellae and exhibit 
longer limbs and larger toepads relative to their body 
size than lizards in nearby forest habitats (Winchell 
et al., 2016, 2018b). In theory, these urban lizard 
traits should also increase clinging performance in 
the context of hurricanes. Specifically, greater toepad 
area is correlated with increased adhesion force 
(Irschick et al., 2006), and longer limbs increase the 
ability of a lizard to grip their perch via adductive 
force (Kolbe, 2015). On the contrary, recent research 
has also suggested that longer hindlimb lengths can 
increase the probability of dislodgement by strong 
unidirectional wind (Donihue et al., 2018). So far, 
however, no research has examined the ecological and 
evolutionary effects of tropical storms on Anolis (or 
any type of lizard) in urban environments.

Here, we measured phenotypic traits that are known 
to underlie clinging and running performance of 
anoles in both natural (Losos & Sinervo, 1989; Foster 
& Higham, 2012) and urban (Winchell et al., 2018b) 
environments and that we thought could be relevant 
to survival in the context of hurricanes (Donihue et al., 
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